Subjects with metabolic syndrome-a constellation of cardiovascular risk factors of which central obesity and insulin resistance are the most characteristic-are at increased risk for developing diabetes mellitus and cardiovascular disease. In these subjects, abdominal adipose tissue is a source of inflammatory cytokines such as tumor necrosis factor-alpha, known to promote insulin resistance. The presence of inflammatory cytokines together with the well-documented increased risk for cardiovascular diseases in patients with inflammatory arthritides and systemic lupus erythematosus has prompted studies to examine the prevalence of the metabolic syndrome in an effort to identify subjects at risk in addition to that conferred by traditional cardiovascular risk factors. These studies have documented a high prevalence of metabolic syndrome which correlates with disease activity and markers of atherosclerosis. The correlation of inflammatory disease activity with metabolic syndrome provides additional evidence for a link between inflammation and metabolic disturbances/vascular morbidity.
Introduction
Cardiovascular diseases (CVDs) cause 38% of all deaths in North America and are the most common cause of death in European men under 65 years of age and the second most common cause in women. Targeting modifiable risk factors for CVD (hypertension, obesity, smoking, and so on) effectively reduces the risk for CVD events. Metabolic syndrome (MetS), also known as syndrome X or the insulin resistance syndrome, is a constellation of metabolic disturbances, all of which are independent risk factors for CVD. The presence of MetS has been associated with increased risk for CVD and type 2 diabetes mellitus (T2DM). MetS in combination with the 10-year risk assessment for CVD events can be used to identify patients who will need lifestyle modification alone from those who will benefit from additional drug therapy.
Epidemiological studies have shown that patients with chronic rheumatic diseases have an increased risk for CVD morbidity and mortality but the pathogenetic factors involved are not yet fully understood. MetS may provide an additional link between accelerated atherosclerosis and inflammation in these diseases.
In this review, we start with a discussion of MetS and its working definitions. Next, we examine recent data about the pathophysiology and epidemiology and their clinical significance in reference to CVD risk assessment. We conclude with a critical analysis of studies addressing the prevalence and significance of MetS in patients with rheumatic diseases.
Metabolic syndrome: overview and proposed criteria
In 1988, Reaven [1] proposed that insulin resistance is central to the etiologies of T2DM, hypertension, and coronary artery disease. In the ensuing years, the concept of insulin resistance and associated metabolic abnormalities leading to increased risk of CVD became known as insulin resistance/ MetS. A few years later, Barker and colleagues [2] reported an association between low birth weight and increased risk for MetS.
MetS describes a constellation of cardiovascular risk factors such as atherogenic dyslipidemia (increased free fatty acids,
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Metabolic syndrome in rheumatic diseases: epidemiology, pathophysiology, and clinical implications elevated triglycerides, low high-density lipoprotein [HDL] cholesterol levels, and increased small dense low-density lipoprotein [LDL] and apolipoprotein B levels), central obesity, insulin resistance, disturbed glucose metabolism (T2DM, impaired glucose tolerance, and impaired fasting glycemia), and hypertension [3] . Features like a systemic pro-inflammatory state, accelerated hemostasis, and impaired fibrinolysis, though typically associated with the syndrome, are not included in the diagnostic criteria.
Despite abundant research, there has been a lack of consensus regarding the optimal definition and as a result several criteria have been proposed. The primary goal of all of these definitions is to identify individuals at increased risk for CVD and to enable the initiation of lifestyle changes to decrease this risk. The three most widely used definitions are those from the World Health Organization (WHO) [4] , the National Cholesterol Education Program (NCEP) [5] , and the International Diabetes Federation (IDF) [6] ( Table 1) . Under the WHO criteria, a disturbance of glucose/insulin metabolism must be present and thus MetS and diabetes are considered to be intersecting diagnostic categories. On the other hand, according to the NCEP criteria, MetS is a precursor to, but does not include, T2DM. The WHO definition is better suited as a research tool, whereas the NCEP definition is simpler and therefore more useful for clinical practice. The most recently proposed criteria released by the IDF include gender-and ethnic group-specific increased waist circumference as a major criterion, underlining the crucial importance of central obesity in MetS.
Although these criteria are in widespread use, they are currently the subject of intense debate since they do not result from a prospective study nor do they represent the outcome of an evidence-based process. For example, there is much criticism about the reduction of the waist cutoff criterion in men from 102 to 94 cm in the IDF guidelines. As expected, this reduction has considerably increased the number of patients being diagnosed with the syndrome when epidemiologic evidence supports the view that cardiovascular and overall mortality rates are more consistently increased when using a waist cutoff of 102 cm rather than 94 cm [7] . Similarly, reducing the threshold for impaired fasting glucose (IFG) from 6.1 mmol/L (according to NCEP criteria) to 5.6 mmol/L (in the IDF guidelines) did not substantially change the hazard ratio for risk of coronary heart disease, although it did increase the number of individuals identified [8] .
Pathophysiology: complementary roles of insulin resistance and abdominal obesity

Insulin signaling
Since insulin resistance is a key feature of this syndrome, a brief overview of insulin signaling is crucial to the understanding of MetS. The insulin receptor has an intrinsic tyrosine kinase activity. Binding of insulin to its receptor induces both autophosphorylation and phosphorylation of tyrosine residues on insulin receptor substrate (IRS)-1 to IRS-4 proteins, thus initiating the intracellular signaling cascade [9] . The two major pathways of insulin signaling are the phosphatidylinositol 3-kinase (PI-3 kinase) and the mitogen-activated protein (MAP) kinase. The PI-3 kinase pathway is initiated by tyrosine phosphorylation by a member of the IRS proteins, which associates with the p85 regulatory subunit of PI-3 kinase, leading to activation of the enzyme. This pathway results in the activation of Akt and other downstream effector molecules that mediate the metabolic response to insulin; this includes, among others, the translocation of the glucose transporter 4 (GLUT4) to the membrane. On the other hand, the MAP kinase pathway begins with phosphorylation of Shc, Grb2/Sos and ras and results in the activation of extracellular signal-regulated kinase (ERK)-1 and ERK-2. Activated ERKs, which are a type of MAP kinase, mediate the mitogenic and pro-inflammatory responses of insulin signaling. In patients with obesity or T2DM who have profound insulin resistance, the pathways leading to the activation of PI-3 kinase are blocked, possibly through serine phosphorylation of the insulin receptor and/or IRS proteins, whereas the MAP kinase pathway remains open and may even be hypersensitive [10] .
Inflammatory cytokines and insulin resistance
Inflammatory cytokines like tumor necrosis factor-alpha (TNF-α) can induce insulin resistance and suppression of Glut4 expression by inhibiting insulin receptor autophosphorylation [11] or by inducing serine phosphorylation of IRS-1 [12] . Interleukin-6 also inhibits insulin signal transduction in hepatocytes. This effect seems to be related to SOCS-3 (suppressor of cytokine signalling-3), a protein that associates itself with the insulin receptor, inhibits its autophosphorylation, the tyrosine phosphorylation of IRS-1, the association of the p85 subunit of PI-3 kinase to IRS-1, and the subsequent activation of Akt [13] . Leptin produced by adipose tissue may contribute to insulin resistance through phosphorylation of serine residues of IRS-1 [14] . The involvement of inflammatory cytokines in insulin resistance is very important for two reasons. First, it connects adipose tissue-a major source of inflammatory cytokines in patients with abdominal obesity [15] -with insulin resistance and MetS. Second, it provides a plausible explanation for the interplay between chronic inflammatory diseases (like rheumatoid arthritis [RA] ) and MetS/CVD. Insulin resistance may contribute to the pathogenesis of MetS through hyperglycemia, compensatory hyperinsulinemia, and unbalanced insulin action. Among them, hyperinsulinemia seems to be the most important factor ( Figure 1 ).
Abdominal obesity and insulin resistance
Although obesity is a major contributor to MetS pathophysiology, it is not the sole factor nor is it a direct consequence of insulin resistance [16] . Thus, patients with mutations in insulin receptor or autoantibodies to insulin receptor may exhibit huge increases in plasma insulin (up to 100-fold) but typically have no obesity, hypertension, or atherogenic dyslipidemia [17] . On the other hand, abdominal obesity-the most prevalent component of MetS-is associated with atherogenic and diabetogenic abnormalities. There are data supporting that abdominal obesity does not represent a consequence of MetS but rather is a causal factor [18] . In individuals with visceral obesity (due to a surplus of energy), hypertrophic adipocytes are characterized by a hyperlipolytic state that is resistant to the antilipolytic effect of insulin [19] . The non-esterified fatty acids (NEFAs) produced in excess flux to the liver where they may impair liver metabolism (liver insulin resistance); more specifically, they increase hepatic glucose production (contributing to hyperglycemia), decrease apolipoprotein B degradation, and increase triacylglycerol-rich lipoproteins [20] . In parallel, the ectopic accumulation of lipids within muscles renders myocytes insulin-resistant, thus contributing to defective glucose metabolism. In addition to NEFA overproduction, visceral fat may contribute to MetS through its action as an endocrine organ that produces -among others -proinflammatory cytokines like TNF-α and interleukin-6 ( Figure  1 ). In obesity, the accumulation of macrophages in abdominal fat contributes to pro-inflammatory cytokine production [15] . Moreover, in obese individuals, serum levels of adiponectinthat may facilitate insulin signaling in vitro -are decreased [21] . Overall, these data support a role of the expanded visceral adipose tissue leading to altered NEFA metabolism and pro-inflammatory profile, contributing to both insulin resistance and MetS.
Epidemiology
MetS is widespread throughout the world and its prevalence is expected to increase dramatically in the ensuing years [22, 23] . This increase is associated with the global epidemic of obesity [24] . Irrespective of the definition of MetS employed, its prevalence in the general population is high, increases with age, and varies with gender and ethnicity. Similar to the trend in adults, there is currently an alarming increase in children and young adults [25] . The overall prevalence of MetS in the US is currently estimated at 24% and increases to 44% in adults who are over 60 years. Since several definitions of the syndrome are in use, it is difficult to compare prevalence and impact between countries.
Comparisons of published prevalence for different populations are presented in Table 2 .
Clinical significance
In view of the controversy about the clinical criteria and the lack of a unifying pathophysiologic process, the clinical significance of MetS has not been universally accepted [26] . [35] demonstrated that elderly patients with MetS had comparable hazard ratios for all-cause and CVD mortality compared with subjects without the syndrome. Finally, Protopsaltis and colleagues [36] , in a recently published study, proposed that MetS per se at baseline or combinations of its components do not predict the development of ischemic stroke in T2DM patients. Accordingly, Bertoni and colleagues [37] found that, although insulin resistance was associated with increased subclinical atherosclerosis, the association was not independent of the risk factors that comprise MetS.
An important clinical question is whether the presence of MetS per se adds to CVD prediction beyond the contribution of the individual risk factors. Sattar and colleagues [32] showed that MetS was not a significant predictor of coronary heart disease when adjusted for its component factors in a multivariate model. Two cross-sectional studies showed that the impact of the syndrome on CVD was greatly attenuated in a multivariate analysis by controlling for certain of its components, thereby suggesting that the whole is not greater than its parts [38, 39] . Moreover, in a prospective study of diabetic and non-diabetic subjects free of CVD and followed for an average of 11 years, the risk of incident coronary heart disease associated with the syndrome was no greater than that explained by the presence of its components [8] . These studies suggest that the syndrome itself conveys no greater information than the sum of its component risk factors.
Metabolic syndrome and other risk assessment algorithms
Although the presence of clinical criteria for MetS is predictive of an increased relative CVD risk, MetS should not replace the need to assess overall cardiovascular risk based on well-established CVD risk factors such as age, gender, smoking, blood pressure, LDL cholesterol, and diabetes [40] . It has also been argued that current risk assessment algorithms such as the Framingham Heart Study calculator [41] and UK Prospective Diabetes Study risk model [42] largely capture the risk associated with MetS.
Several studies have compared the predictive value of MetS with that of the Framingham risk prediction model. Girman and colleagues [43] showed that the increased event rate in subjects with MetS remained significant after adjustment for the Framingham 10-year risk, suggesting that the syndrome carries an additional risk not captured by the Framingham risk scoring. Moreover, a clear gradation in the risk of coronary heart disease outcome is evident with each additional component of MetS; men with three or more components and women with two or more components are at statistically elevated risk [8] .
Therapeutic interventions
A 10-year risk assessment is needed in all those individuals who have MetS. If the 10-year risk is high, drug therapy to modify CVD risk factors might be required, whereas if the risk is low, therapeutic lifestyle modification is the first-line therapy [44] . Lifestyle modification, including both weight reduction and increased physical activity, is the cornerstone of treatment for MetS. Although it may not modify any given risk factor as much as a particular drug will, it is beneficial since it produces moderate reduction in all metabolic risk factors [45] . There is general agreement that persons with MetS should adhere to a set of dietary principles: low intake of saturated fats, trans fats, and cholesterol; reduced consumption of simple sugars; and increased intake of fruits, vegetables, and whole grains [44] . Caloric intake should be reduced by 500 to 1,000 calories per day to produce a weight loss of 0.5 to 1.0 kg per week. A reasonable goal for most individuals is moderate exercise such as walking for 30 minutes per day at least 5 days per week [45] .
Pharmacotherapy involves the aggressive management of well-established risk factors. For dyslipidemia, a statin or a fibrate might be a reasonable treatment. Recently, a study showed that after 36 weeks of treatment with either simvastatin or atorvastatin, almost 50% of patients with MetS no longer met the classification criteria. Mild elevations of blood pressure can often be controlled with lifestyle changes, but if hypertension persists antihypertensive drugs are usually required [46] . Some investigators believe that angiotensinconverting enzyme inhibitors or angiotensin-receptor blockers are better first-line therapy for MetS patients, especially when T2DM is present, but the issue of the most effective drug has not been entirely resolved. For insulin resistance, metformin or a thiazolidinedione might be considered. Yet at the same time, it is unknown whether treating insulin resistance itself would be of value in preventing CVD in all patients or in a subset of MetS patients. Preliminary reports indicate that metformin or thiazolidinediones also reduce the risk for T2DM in people with IFG or impaired glucose tolerance and improve insulin sensitivity [47, 48] .
Because of the strong association between MetS, CVD, and diabetes, there is urgent need for strategies to prevent the emerging global epidemic. Additional research is needed to determine whether treatment of underlying causes of MetS (for example, insulin resistance in the absence of hyperglycemia) results in better outcome beyond the levels achieved by interventions that target conventional cardiovascular risk factors. Until randomized controlled trials have been completed, there is no appropriate pharmacological treatment for MetS, nor should it be assumed that pharmacological therapy to reduce insulin resistance will be beneficial to patients with the syndrome. Thus, treatment should be aimed at well-established risk factors.
Rheumatic diseases: cardiovascular burden and metabolic syndrome
Inflammation is a key feature of obesity and T2DM [49] while patients with chronic inflammatory diseases, like RA or systemic lupus erythematosus (SLE), have an increased risk for CVD [50, 51] . RA patients have almost a four-fold increase in cardiovascular events and most importantly this increased risk ratio is independent of traditional risk factors for CVDs. CVDs are the most common cause of death, with approximately 40% of deaths in RA patients attributed to CVD [52] . It has been proposed that pathogenetic mechanisms attributed to the underlying disease or its treatments are associated with premature atherosclerosis [53] . Although the exact mechanism promoting atherosclerosis in RA remains to be defined, chronic inflammation may alter vascular endothelial biology to a pro-thrombotic/proatherogenic state [54] .
Similarly to patients with RA, those with SLE have a higher risk for myocardial infarctions, which is even higher in younger patients (up to an eight-fold increase) [55] . Approximately 25% of deaths in SLE are attributed to CVD morbidity, which is the leading cause of death. More importantly, although symptomatic coronary disease is not uncommon (6% to 15%), subclinical atherosclerosis assessed by non-invasive techniques [stress studies using technetium 99m sestamibi single-photon emission tomography (SPECT)] is much higher and observed in upto 42% of asymptomatic SLE patients [56] . Interestingly, although SLE patients have a high prevalence of traditional risk factors for atherosclerosis [57] , the rate of vascular events has been found to be more than seven times that attributed to traditional risk factors [58] . These results suggest the importance of disease-associated factors (like antiphospholipid antibodies) or treatments (like steroids) in the evolution of atherosclerosis.
Several groups have assessed insulin resistance and MetS in patients with rheumatic diseases (Table 3) . Homeostatic model assessment of insulin sensitivity (HOMA-S) and the quantitative insulin sensitivity check index (QUICKI) are indices most often applied for insulin sensitivity; homeostatic model assessment of insulin resistance (HOMA-IR) and homeostatic model assessment of beta cell function (HOMA-B) are indices applied for insulin resistance and beta cell function, respectively.
Rheumatoid arthritis: insulin resistance and metabolic syndrome Dessein and colleagues [59] reported that RA patients have lower insulin sensitivity (assessed by QUICKI) compared with osteoarthritis patients (n = 39 in both groups; P < 0.05), but after controlling for C-reactive protein (CRP) levels, QUICKI was comparable between the two groups. Glucocorticoids were not associated with decreased insulin sensitivity, whereas other factors (waist circumference, CRP, HDL cholesterol, and triglycerides) were associated. Several years later, the same group found that RA patients with high-grade inflammation (high-sensitivity CRP [hsCRP] greater than 1.92 mg/L) had higher insulin resistance compared with those with lower hsCRP [60] . However, in mixed regression models, only abdominal obesity and the patient's assessment of disease activity were predictors of insulin resistance, whereas other disease activity indices (CRP, erythrocyte sedimentation rate, and disease activity index of 28 joint counts [DAS28]) were not. The authors concluded that modifiable factors like obesity and disease activity should be targeted for prevention of CVD in RA patients.
Assessing the correlation of insulin resistance with surrogate markers of atherosclerosis-like carotid artery intima-media thickness (CCA-IMT) or the presence of atherosclerotic plaque-Dessein and colleagues [61] found that QUICKI was associated with both IMT (R = -0.26; P = 0.04) and the presence of plaque (P = 0.03). In this group of RA patients (n = 74, mean age 55.8 years, 86% women), they found that the prevalence rates of MetS were 14% according to WHO criteria and 19% according to NCEP criteria. Only the WHOdefined MetS was associated with CCA-IMT (P = 0.08 to 0.04), but overall both methods performed poorly in identifying RA patients with atherosclerosis.
Our team has studied the prevalence of MetS and its relationship with RA-associated factors in a group of middleto older-aged (mean age 63 years, 74% women) RA patients (n = 200) and compared them with 400 age-and gendermatched controls in the Mediterranean island of Crete. The prevalence of MetS (according to the NCEP criteria) was high (44%) but comparable to that of the control population (41%). Interestingly, in multivariate logistic regression analysis, the risk of having moderate to high disease activity (DAS28 >3.2) was significantly higher in patients with MetS compared with those without MetS (odds ratio 9.2, 95% confidence interval 1.49 to 57), irrespective of the treatment [62] . This correlation between RA disease activity and MetS is indirect evidence of the role of chronic inflammation in MetS and atherosclerosis development. We are currently investigating the effect of potent anti-TNF-α treatment in insulin resistance in RA patients. After 3 months of treatment, patients with MetS at baseline (n = 31) improved significantly in both insulin resistance (HOMA, from 7.9 ± 7.5 to 2.6 ± 1.6; P = 0.01) and insulin sensitivity (QUCKI, from 0.31 ± 5.1 to 0.35 ± 4.4; P = 0.03) (P.I. Sidiropoulos, S.A. Karvounaris, D.T. Boumpas, unpublished data).
Chung and colleagues [63] studied MetS prevalence according to both WHO and NCEP criteria and its association to coronary atherosclerosis, applying electron beam computed tomography in a group of RA patients (n = 154, mean age 51 years for early RA and 59 years for established disease, 68% women) and compared them with controls. They found that, compared with controls, RA patients had a higher prevalence of WHO-defined (P = 0.001) and NCEP-defined (P = 0.03) MetS; the prevalence rates of MetS (NCEP criteria) were 42% and 30% in patients with longstanding and early disease, respectively, not significantly different compared with 42% and 31% according to WHO criteria. Patients with WHOdefined MetS had an increased risk of having higher coronary artery calcification scores, independent of age and gender (odds ratio = 2; P = 0.04) [63] .
Taken together, the studies by Karvounaris and colleagues [62] and Chung and colleagues [63] reported a high prevalence of MetS, albeit comparable to controls. The low prevalence in the report by Dessein and colleagues [61] may be attributed to demographic differences (lower age and higher percentage of women) or to the smaller sample size assessed (Table 3) . From these studies, one can conclude that the prevalence of MetS is high in RA patients and correlates with disease activity and markers of atherosclerosis.
Adiponectin is one of the adipokines that has been described to increase insulin sensitivity, while there are data supporting that it has anti-inflammatory properties. As stated previously, low levels of adiponectin have been described in patients with T2DM or obesity [21] . It is believed that pro-inflammatory factors produced by adipose tissue suppress adiponection production and thus increase insulin resistance. Nevertheless, the relationship between adiponectin and inflammation seems to be more complex. In contrast to obesity, in diseases with chronic inflammation like RA and SLE, increased levels of adiponectin have been found, while in vitro data with chondrocytes and synovial fibroblasts suggest that adiponectin may exert pro-inflammatory effects [64, 65] . These apparently controversial data pose more questions about the relationship between adiponectin, inflammation, and insulin signaling which should be addressed.
Systemic lupus erythematosus
El Magadmi and colleagues [66] assessed insulin resistance in a group of women with SLE (n = 44, mean age 50.5 years) and compared them with age-matched controls. They found that SLE patients had significantly lower insulin sensitivity (HOMA-S; P < 0.01), but HOMA-S did not correlate to disease activity or steroid therapy. The prevalence of MetS according to NCEP criteria in this small group was 18%. On the other hand, Chung and colleagues [67] assessed MetS prevalence in an SLE cohort (n = 102, mean age 40 years, 91% women) and compared them to age-and gendermatched controls (n = 101). Insulin resistance was more prevalent in patients (44% versus 25%; P = 0.005) and the prevalence of the WHO-MetS was higher in patients (32.4% versus 10.9%; P < 0.001). Although the NCEP-MetS was more prevalent in patients than controls, this was not statistically significant (29.4% versus 19.8%; P = 0.14), probably because the study was underpowered to detect small differences. In this cohort, the presence of MetS correlated to higher CRP levels, but neither lupus activity nor damage scores were associated with MetS. The authors concluded that MetS is more prevalent in lupus patients, while the correlation of MetS with inflammatory markers underscores a possible common link between chronic inflammation and increased cardiovascular risk in SLE patients. 
Ankylosing spondylitis
A small (n = 24) controlled study by Malesci and colleagues [68] found that ankylosing spondylitis (AS) patients had a higher prevalence of NCEP-MetS compared with controls (45.8% versus 10.5%; P = 0.02). In a cohort of AS male patients (n = 63, mean age 40 years) treated with anti-TNF-α agents, we investigated the prevalence of MetS according to NCEP criteria and compared the cohort to age-matched controls. MetS was more prevalent in AS patients (34.9% versus 19%; P < 0.01), whereas AS patients with MetS had higher disease activity (Bath Ankylosing Spondylitis Activity Index; P < 0.05) (P.I. Sidiropoulos, S.A. Karvounaris, D.T. Boumpas, manuscript submitted).
Conclusion
Patients with chronic inflammatory rheumatic diseases have an increased risk for CVD morbidity and mortality. In these patients, a high prevalence of traditional risk factors and MetS has been found. These data, albeit circumstantial, point out chronic inflammation as one of the key contributors to MetS and accelerated atherosclerosis. Aggressive treatment of both underlying disease-to lessen the inflammatory burden-as well as the elimination of traditional risk factors may reduce CVD morbidity and mortality. Assessment of both MetS along with the 10-year risk assessment for CVD events should be applied to identify patients in greater need for lifestyle modification and/or drug therapy.
